Since the development of recombinant DNA technology in the mid 1970s, there has been increasing interest in the ethical, legal, and social implications of genetics and related fields. The web sites of five different organizations (government, academic, and independent not-for-profit) that deal explicitly with genetics and ethics are reviewed here. Some of the sites cover genetics and other issues in bioethics while others cover human genetics exclusively. The target audiences for the sites include medical and scientific professionals, students, and the general public. Among the issues examined are genetic testing, genetic discrimination in employment and health insurance, genetically modified foods, stem cells and DNA patenting. Resources for those interested in legal issues are particularly well-represented on these sites.
Introduction
Genetics and ethics have been linked since at least the nineteenth century due to the work of the early eugenicists. Students in my undergraduate genetics course are nearly universally shocked to learn that eugenic ideas, policies and procedures originated in the U.S.A. and the U.K. and that eugenics was wellaccepted and supported by prominent scientists, politicians and jurists in these countries long before the Nazis took power in Germany in the 1930s (Kevles, 1985 (Kevles, , 1992 . Because of this dark past, James D. Watson, in the early days of the Human Genome Project, advocated for and won a commitment that ∼3% of the U.S. National Institutes of Health (NIH) genome research budget would be dedicated to investigating ethical, legal and social implications of human genetics research (Kevles, 1992) .
The list of problematic issues raised by genetics is a lengthy one, and includes genetically modified (GM) plants and animals, genetic testing, genetic privacy, genetic modification of humans (germline and somatic) for therapy and enhancement, reproductive cloning, therapeutic cloning, embryonic stem cells, lifespan extension, eugenics, genetics and race, be-haviour genetics, DNA patenting, commodification, reproductive technologies, forensics and biowarfare. Because of the pervasiveness and concern about genetic technologies, genetics has taken on prominent roles in popular culture (e.g. the films GATTACA and Jurassic Park) and politics (e.g. embryonic stem cell research in the U.S.A. and genetically modified plants and food in Europe).
Regardless of their personal views on these issues, geneticists and those in related fields ignore ethical issues at their peril. Generous public funding and public support of genetics will continue only so long as the public perceives that genetics is being used responsibly for the public good. Therefore, it is important for geneticists to educate themselves, the public, policy makers, and their students on concerns raised by these issues. With respect to students, several major undergraduate genetics textbooks explicitly recognize the linkage of genetics and ethics, addressing issues such as genetic testing, GM foods, DNA forensics, DNA patenting and gene therapy (Klug and Cummings, 2003; Pierce, 2003; Hartwell et al., 2004) . Discussion of these topics can be used to stimulate student interest in genetics. One way to expose students to these topics is to have them investigate web sites that deal explicitly with genetics and ethics.
The sites reviewed here (Table 1) are excellent sources of various kinds of information relevant to genetics and ethics. They can be used to introduce students to a wide range of views on genetic technologies, and to give them an appreciation and understanding of efforts to evaluate and regulate the use of these technologies. All of the organizations whose sites are reviewed here have officials and advisory board members who hold an impressive array of credentials in the fields of science, medicine, philosophy, theology, ethics and law. As a result, most, if not all, of the information presented on these sites appears to be reliable and therefore useful for student learning.
The sites reviewed are maintained by one government, one academic and three independent organizations from a total of three different countries (Table 1) . The web sites for the Center for Bioethics and Human Dignity (CBHD) and the Council for Responsible Genetics (CRG) are the most provocative and controversial of the sites reviewed here. As their names suggest, these organizations take a decidedly critical view of many genetic technologies, albeit from divergent perspectives: religious in the case of CBHD and political in the case of CRG. The remaining three sites present broader points of view, but are all involved in or wish to influence government policy. These three sites also advocate particular points of view, albeit less explicitly than the CBHD and CRG sites. The bottom line is that all of these organizations, to varying extents, advocate specific positions on the uses of genetic technologies.
U.S. National Human Genome Research Institute (NHGRI) Policy & Ethics
The NHGRI, a division of the U.S.A. governmentoperated NIH, maintains a 'Policy & Ethics' site as part of its mission to study 'the ethical, legal and social implications (ELSI) of genome research'. The NHGRI originated in 1989 as the National Center for Human Genome Research at NIH and was granted its current status as an institute in 1997.
This site contains information primarily generated by the NHGRI-ELSI program on a variety of legal, social, religious and cultural issues raised by the development of genetic technologies such as 'Commercialization and Patenting', 'DNA Forensics', 'Genetics, Race and Ethnicity', and 'Philosophical and Religious Perspectives'. Under each of these topics there is some brief explanatory text, links to relevant federal law and policies, minutes of Congressional hearings, and lists of publications, workshop summaries and other products of ELSI-funded research. There is an 'ELSI Research' page containing summaries and reports from workshops and conferences sponsored by NHGRI, the most recent of which occurred in 2001. This list was updated in June 2004, so NHGRI has apparently not sponsored any workshops or conferences on these topics in nearly three years. There is also a very useful list of publications, newsletters, web sites, and television and radio programs produced by research supported by ELSI. This list would have much greater utility if it were searchable and if the publications were at least linked to abstracts in PubMed. It would be even more useful if NHGRI could negotiate open access to published PDF or HTML files of this ELSI-sponsored work.
Under 'Online Bioethics Resources' there is a modest list of related links to several U.S.A. government, academic and independent web sites that reveals a disappointing provincialism. For example, all of the links, save one, are to U.S.A. sites, and almost all of the links to academic institutions are to programmes, departments, and resources at Georgetown University in Washington, DC. Many of the Georgetown links are, however, highly useful, especially a link to a fabulous searchable database of DNA patents issued by the U.S. Patent and Trade Office.
The most impressive feature of the site is the NHGRI Policy and Legislation Database of U.S. federal laws, regulations, policies, and executive orders and U.S. state laws dealing with subjects such as
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Scientiae forum genetic privacy, genetic counselling, genetic testing and gene patenting. The database is searchable and includes full text of all of the legal material in the database. Viewers of the site also have the option of following links to other U.S.A. legislative databases. These features should be especially useful to legal scholars and law students.
HumGen
HumGen is a human genetics policy website maintained by the Public Law Research Center of the Law Faculty at the University of Montreal. The project is sponsored by various divisions of the Canadian government, the University of Montreal, HUGO (The Human Genome Organization), Roche, and GlaxoSmithKline. Corporate sponsorship of a public policy web site raises potential conflict of interest concerns, but an overt pro-corporate bias is not apparent.
Although HumGen is geared toward policy makers, it has information that should be of interest to the public, students and genetics professionals on topics such as genetic testing, intellectual property, genetic discrimination, cloning and gene therapy. In addition to providing a free bimonthly email newsletter announcing recent policy statements from national and international organizations, HumGen also has a list of over 70 organizations (government, national, international, corporate, trade and professional) that are involved in policy formulation and/or produce policy statements. The list is searchable by organization, country, or jurisdiction. HumGen includes an area on human genetics and intellectual property (called IPGen) which should be very useful to those making policy in this contentious area.
HumGen's best feature is a terrific searchable database called GenBiblio which contains legislation, ethical codes, recommendations, and professional guidelines generated by governments, non-governmental organizations, professional societies, and industry and consumer groups in more than 25 countries, as well as those created by international organizations. All documents in the database are available in English. For example, a search for policies and statements on commercialization of genetic testing yielded 30 documents from 12 countries including the U.S.A., France, Greece, Australia, South Africa, India and Portugal.
Nuffield Council on Bioethics
The Nuffield Council on Bioethics in the U.K. was founded in 1991 'to consider the ethical issues arising from developments in medicine and biology' and to participate in public discourse and government policy-making on these issues. Financial support for this independent organization comes from The Wellcome Trust and the Medical Research Council, both of which are major funders of biomedical research in the U.K., as well as from the Nuffield Foundation.
The Council has produced work on a wide array of bioethical issues, many of which involve genetics, such as genetic screening, stem cells and DNA patenting. 'Reports' and 'Discussion Papers' form the heart of this site; they are generated by interdisciplinary expert panels which draft reports and solicit public comments on specific topics before their results are published in final form. Reports are considerably longer (∼100-200 pages) and go into greater depth than discussion papers; all are available as PDF or Word documents and some as HTML files.
The process by which the Council drafted its recent discussion paper on 'The Use of Genetically Modified Crops in Developing Countries' is illustrative of the Council's operation. This paper came about as a follow-up to a 1999 Council report on GM crops. The Council prepared a draft discussion paper, made it available for comment in mid 2003, and received more than 80 comments from 27 countries; a quarter of the comments came from developing countries. The final discussion paper was published in late 2003. Other reports and discussion papers cover pharmacogenetics, genetic screening, stem cells, behaviour genetics and DNA patenting. This site also has a limited but very good set of links, the most useful of which are links to international organizations, e.g. HUGO and UNESCO (United Nations Educational, Scientific, and Cultural Organization) International Bioethics Committee, and to national bioethics committees in Australia, Canada, the U.S.A., and several European countries.
CBHD
The CBHD, founded in 1994, is an independent, non-profit organization funded by individuals, corporations and foundations, none of which are named on the site. CBHD's mission statement makes clear its religious orientation: 'Recognizing that biblical values have exercised a profound influence on Western Culture, the Center explores the potential contribution of such values as part of its work.' Therefore, it is no surprise that most of the viewpoints put forward on this site reflect mainly conservative Christian values.
As with the Nuffield Council for Bioethics, CBHD's scope includes a broad range of bioethical topics. With respect to genetics, CBHD casts a critical eye on embryonic stem cells, assisted reproduction, therapeutic and reproductive cloning, and preimplantation genetic diagnosis among other topics. Much of the original material on this site consists of relatively brief articles (approximately the length of newspaper opinion pieces) written primarily by CBHD fellows, many of whom have doctorates in philosophy or theology and about half of whom are MDs. There is also a limited set of book and movie reviews. Notwithstanding its clearly critical point of view, this site contains several useful features even for those who do not share CBHD's opinions. For example, there is an extensive set of links to bioethics news sources, national bioethics public policy sites, and academic bioethics departments and programs. Most are located in the U.S.A., but several other countries are included e.g. The Netherlands, U.K., Australia, and South Africa. Some of the links are to Christian bioethics sites, but most are to independent sites, including the other four web sites examined in this review. In addition, the site posts and archives links to up to 20 bioethics stories per day from major news organizations such as The New York Times, the British Broadcasting Corporation and The Washington Post. As the site states, 'These stories do not represent the Center's views; they are simply presented as they appear in the public press for your information.' Similarly, the site offers free weekly and monthly email news updates, typically containing three stories per day from major international news organizations. While the stories are selected by CBHD staff, the content of the articles does not necessarily represent CBHD's views.
CRG
The CRG, also an independent, not-for-profit, public interest organization, was founded in 1983 to foster 'public debate on the social, ethical, and ecological implications of genetic technology.' It appears to be supported by individuals and foundations (only one, Education Foundation of America, is mentioned), book sales and subscription fees for its magazine Gene-Watch. Gene-Watch claims to be America's first and only magazine dedicated to monitoring biotechnology's social, ethical and environmental consequences.
The site lists a few 'Central Principles' for CRG such as 'New technologies must meet social needs. Problems rooted in poverty, racism, and other forms of inequality cannot be remedied by technology alone'. CRG advocates increased public involvement in genetic policy making and is highly critical of commercial involvement in genetics. Furthermore, CRG has proposed a 'Genetic Bill of Rights' which states, among other rights, 'All indigenous peoples have the right to manage their own biological resources, to preserve their traditional knowledge, and to protect these from expropriation and biopiracy by scientific, corporate or government interests'. Taken together, these views demonstrate a critique of genetic technologies that comes from the left of the political spectrum.
Issues examined by CRG include biowarfare, genetic testing, genetic privacy, genetic discrimination, GM plants, human cloning and genetic manipulation of humans. Under each topic there are links to CRG position papers (typically 3-5 pages in length), articles published in Gene-Watch and in other publications, and links to related web sites. The CRG site has a Gene-Watch archive with the table of contents for each issue, and a limited amount of content from recent issues of the magazine is available as HTML files on the site; however, the archive only goes back to 2001 (Gene-Watch has been published since 1983), limiting its utility.
The most useful feature of the site is 'Genetics and the Law', which has a wealth of information. In addition to reports (∼10-20 pages each and extensively footnoted) on various topics, e.g. employment and insurance discrimination, newborn screening and criminal justice, this site has a public database of U.S.A. court cases, both pending and resolved, involving genetics. There is also a database of U.S.A. state and federal legislation. Both databases have limited search functions. While the legislation database is not as comprehensive as the NHGRI legislation database, to which it has a link, the court case International Bioethics Committee. This group has published reports on pre-implantation genetic diagnosis, human germ-line modification, genetic privacy, gene patenting and embryonic stem cells, and has produced a 'Universal Declaration on the Human Genome and Human Rights'. All of these documents are available in French and English as HTML or PDF files. The web site also has a searchable database of over 600 bioethics organizations in more than 80 countries.
Conclusion
The web sites reviewed here offer entry points to dozens of genetics and ethics web sites and provide a sampling of the variety of information and viewpoints available around the world. All of these sites overlap on certain topics, e.g. DNA patenting, but they are also complementary. For example, someone looking for information on genetically modified plants would find relevant information at the Nuffield Council on Bioethics and the CRG. In contrast, if the topic of interest is legal issues, then the CRG, HumGen, and NHGRI's Policy and Ethics sites are the sites to examine. Regardless of their content, the sites reviewed here display the results of the growing interest in the social, ethical, and legal implications of genetics. With the increasing influence of genetics in medicine, reproduction and food production, the linkage of genetics and ethics is sure to grow stronger.
